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Abstract 
On the basis of summarizing and analyzing the relevant researches in China and foreign countries, this paper carries out the study 
on comprehensive evaluation index system of low carbon road transport which mainly adopts the Fuzzy Evaluation method with 
Analytic Hierarchy Process and Delphi. The factors of low carbon road transport are divided into three categories, including road
infrastructure, road traffic, road management and related policies and regulations, in which the factors that have an important
impact on low carbon road transport development are chosen and analyzed. And then the chosen factors turn into the evaluation 
index, through the judgment matrix, fuzzy weight vector of each index is calculated and examined by the consistency test. Finally, 
index coefficients of each layer are obtained. In the case study part, we found out that the low carbon traffic structure 
development of Shanghai road network is 0.5478, which is between "good" and "general". 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
Low carbon has become a very popular concept in the world today. In recent years, China has increasingly aware 
of the seriousness of this problem, and also advocated for sustainable development. 
Carbon emissions in the city focused on three aspects of industrial, construction and transportation. Low-carbon 
transport has become a new research direction. It has characteristics of energy-efficient, low energy consumption, 
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low pollution, low emissions, designed to improve the energy efficiency of transport and perfect the energy structure 
of transportation, optimize the development mode of transport. 
As a very important part of traffic, road traffic should also be targeted to low-carbon. All along, the road transport 
carbon emissions in transportation accounted for a larger share. In order to realize low carbon traffic structure 
development of road network, it is necessary to accurately assess the current low carbon level of road transport 
system. How to construct the evaluation index system of low carbon road transport system and evaluate the 
corresponding low carbon level of road network become the ways to change the traditional mode of road traffic 
development, to construct the development of low carbon road network, and to optimize the structure of road 
transportation, which are very important and indispensable. 
2. Literature review 
This paper attempts to establish comprehensive evaluation index system of low carbon road transport based on 
fuzzy comprehensive evaluation system. The status of the international relevant researches of low-carbon road 
transport and the theory of fuzzy evaluation are discussed below. 
The concept of low-carbon transport is presented in the late 20th century, and evokes extensive discussions. 
Edward once chose green city as its theme, studied the relationship between the development of urban and carbon 
emissions (mainly CO2) [1], and highlighted the importance of low-carbon transport, measured carbon emissions 
from various regions including California, tried to find out the deep reason for the difference of carbon emissions for 
each region. Their study put forward effective proposals for the realization of low-carbon urban development and 
low-carbon transport. With the development of low-carbon transport in the world, the concept of it constantly 
refined and it also get more and more attention. Frey focused on finding out the factors influencing the carbon 
emissions through the use of statistical models [2]. 
Fuzzy comprehensive evaluation is a comprehensive evaluation method based on fuzzy mathematics. It uses the 
theory of membership degree in fuzzy mathematics to change the qualitative evaluation into quantitative evaluation, 
that is, makes a comprehensive evaluation to different factors by using fuzzy mathematics. It is a good solution for 
the problems which are difficult to quantify and suitable for solving the problem of non-deterministic. 
Specific application process of fuzzy comprehensive evaluation is as follows: first, set up to evaluate factors of 
different levels; second, determine the evaluation rules which can determine the correspondence (function) between 
the value and the evaluation factors; and then give out the weight distribution for different evaluation factors using 
the AHP, sum of the weights of the evaluation factors in each stage is one. Sometimes, we also need to use the 
Delphi expert for scoring and more effective weight distributing. The last part is to calculate the comprehensive 
evaluation value. 
Studies about evaluation system of low-carbon road transport have appeared a lot in the past years. Especially in 
China, there are some researchers have studied on this area. Liu takes the carbon emissions as one of the 
performance indexes of the road network [3]. He divides the performance indexes of the road network into two 
categories: one reflects the structure performance of the road network, including highway network connectivity, road 
network density, road network accessibility and road network pavement rate etc.; another reflects the use functional 
of the road network, primarily related to road trips, including the road network congestion level, the average speed of 
the road network and road network service levels, and so on. Gong and Wei establish low-carbon evaluation model 
of the road transport by using AHP [4]. They consider three major aspects of the road transport: scale and network 
structure, practical efficiency and traffic management and energy consumption and carbon emissions. Compare with 
Liu’s research, they add the indexes of traffic management and energy consumption and carbon emissions. 
Su studies the evaluation index system for urban low-carbon transport by using the method integrate Delphi and 
AHP, finishes the weight distribution with the scores given by experts of the Shanghai Jiao Tong University [5]. 
They make a comprehensive evaluation for Shanghai’s low-carbon transport at last. 
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3. Methodology 
Firstly, summarize and discuss the representative researches about index selection, system construction and case 
applications aspects, learn the leading edge of existing researches and the direction of future researches, and put 
forward some proposals to this study. 
Secondly, choose the indexes of the comprehensive evaluation index system of low-carbon road transport from 
the basic constituent elements of the road transport system - people, vehicles and roads, according to principles of 
the combination of science and comparability, qualitative and quantitative, universality and particularity, practicality 
and operability. 
The weight of evaluation indexes was determined by AHP. On this basis, establish the comprehensive evaluation 
index system of low carbon road transport using Fuzzy Comprehensive Evaluation Method. Fuzzy Comprehensive 
Evaluation Method is a method based on the fuzzy mathematics, with the principle of Fuzzy Relation Synthetic, to 
finish comprehensive evaluation on some indexes with unclear boundary which is not easy to quantitative. 
At last, choose actual road network as a study case, use the research method determined to discuss the application 
of this comprehensive evaluation index system. Obtain the comprehensive evaluation indexes of low-carbon road 
transport through case study, and we can analyze the development situation of road network with these indexes. 
The rules to choose the indexes for comprehensive evaluation index system of low carbon road transport are: a) 
scientificity; b) combination of qualitative and quantitative; c) subjectivity or objectivity; d) practicality and 
operability. 
The rules to establish the comprehensive evaluation index system of low carbon road transport are: a) scientificity; 
b) combination of universality and particularity; c) overall completeness; d) hierarchy; e) nonlinearity. 
3.1. Architecture of comprehensive evaluation index of low carbon road transport 
Architecture of comprehensive evaluation index of low carbon road transport is shown in figure 1 which includes 
one first class indicator, three second class indicators and nineteen third class indicators. 
3.2. Comprehensive evaluation model of low-carbon road transport 
Fuzzy comprehensive evaluation method is a comprehensive evaluation method based on fuzzy mathematics. 
This method is based on the membership theory of fuzzy mathematics to change the qualitative evaluation into 
quantitative evaluation, that is, make a comprehensive evaluation to different factors by using fuzzy math. The 
processes to build the model are as follows: 
x step 1: 
3
1
i
i
U u
 
 * (1)
1 2{ , ,..., }ii i i iku u u u (2)
Where: 
U stands for the first class indicators; 
iu  stand for the second class indicators; 
iik
u  stand for the third class indicators. 
There are three second class indicators in the architecture, so i =1,2,3. The specific codes for the third class 
indicators are shown in figure 1. 
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Fig. 1.  Architecture diagram of comprehensive evaluation index of low carbon road transport and codes for the indexes 
x Step 2: make evaluation for three second class indicators iu . Assume the domain of evaluation grades are: 
1 2{ , ,... }nV v v v (3)
Where: 
1 2, ,... nv v v  stand for different evaluation grades; 
n  stand for the number of evaluation grades. 
The fuzzy weight vectors of the third class indicators are:  
1 2{ , ,..., }ii i i ikA a a a 
1
1
ir k
ir
r
a
 
 
 ¦    (4)
If the scores for the third class indicators which under iu  are iR  ( ik rows and n columns), then the evaluation of  
iu  are: 
1 2( , ,..., ) , 1, 2,3i i i i in iA R b b b B i  D  (5)
x Step 3: make further comprehensive evaluation for U. The scores of the second class indicators iu  are calculated 
by iB :
1 11 12 1
2 21 22 2
31 32 33
...
...
...
n
n
n
B b b b
R B b b b
b b bB
§ · § ·
¨ ¸ ¨ ¸  ¨ ¸ ¨ ¸
¨ ¸¨ ¸ © ¹© ¹
                          (6) 
The fuzzy weight vectors of the second class indicators are:   
663 Wendan Zhang et al. /  Procedia Engineering  137 ( 2016 )  659 – 668 
1 2 3{ , , }A a a a    (7)
The overall evaluation result of the comprehensive evaluation index system of low carbon road transport is: 
1 2( , ,..., )nA R b b b B D      (8) 
3.3. Weight of the comprehensive evaluation indexes of low carbon road transport 
This paper uses AHP to determine the weight of the comprehensive evaluation index of low carbon road transport. 
The processes of AHP are as follows: 
Establish the hierarchy structure of the system; 
Construct pairwise comparison judgment matrix; 
Calculate the ranking weight vector between each layer; 
Calculate the target ranking weight vector of the total system. 
This paper chooses to determine the weight value of the indexes automatically. The judgment matrixes of the 
indexes are shown as follows: 
Table 1. AHP judgement matrix of U. 
U u1 u2 u3 
u1 1 2 2/3 
u2 1/2 1 1/3 
u3 3/2 3 1 
Table 2. AHP judgement matrix of u1 
u1 u11 u12 u13 u14 u15 u16 
u11 1 2/3 2/3 2/5 2/5 1 
u12 3/2 1 1 3/5 3/5 3/2 
u13 3/2 1 1 3/5 3/5 3/2 
u14 5/2 5/3 5/3 1 1 5/2 
u15 5/2 5/3 5/3 1 1 5/2 
u16 1 2/3 2/3 2/5 2/5 1 
Table 3. AHP judgement matrix of u2 
u2 u21 u22 u23 u24 
u21 1 1 1/2 1/2 
u22 1 1 1/2 1/2 
u23 2 2 1 1 
u24 2 2 1 1 
Table 4. Calculation procedure for fuzzy weight vector and consistency in Excel 
U u1 u2 u3 multiply each line extract n root Weight: Ai AWi AWi/Ai CI=(AWi/Ai-n)/(n-1) 
u1 1 2 2/3 4/3 1.100642 0.333333 1 3 
u2 1/2 1 1/3 1/6 0.550321 0.166667 1/2 3 
u3 3/2 3 1 9/2 1.650964 0.5 3/2 3 
     3.301927   3 0 
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Table 5. AHP judgement matrix of u3 
u3 u31 u32 u33 u34 u35 u36 u37 u38 u39 
u31 1 1 4/5 4/5 4/5 2 1/2 2/3 2 
u32 1 1 4/5 4/5 4/5 2 1/2 2/3 2 
u33 5/4 5/4 1 1 1 5/2 5/8 5/6 5/2 
u34 5/4 5/4 1 1 1 5/2 5/8 5/6 5/2 
u35 5/4 5/4 1 1 1 5/2 5/8 5/6 5/2 
u36 1/2 1/2 2/5 2/5 2/5 1 1/4 1/3 1 
u37 2 2 8/5 8/5 8/5 4 1 4/3 4 
u38 3/2 3/2 6/5 6/5 6/5 3 3/4 1 3 
u39 1/2 1/2 2/5 2/5 2/5 1 1/4 1/3 1 
Weight calculation: Calculate the fuzzy weight vector and consistency of U based on the AHP Judgement Matrix.  
A= {0.33, 0.17.0.5}, CI=0 
The table 4 shows the calculation procedure for fuzzy weight vector and consistency: 
Get the fuzzy weight vector and consistency of u1, u2 and u3 with the same method: 
A1= {0.1, 0.15, 0.15, 0.25, 0.25, 0.1}, CI=0 
A2= {0.17, 0.17, 0.33, 0.33}, CI=0 
A3={0.1,0.1,0.12,0.12,0.12,0.05,0.2,0.15,0.04},CI=0.014 
In conclusion, the coefficient of each indicator is shown in table 6 below.  
Table 6. The coefficient of each indicator 
second class 
indicators 
u1 u2 u3 
coefficient 0.33 0.17 0.5 
third class 
indicators 
u1
1
u1
2
u1
3
u1
4
u1
5
u1
6
u2
1
u2
2
u2
3
u2
4
u3
1
u3
2
u3
3
u3
4
u3
5
u3
6
u3
7
u3
8
u3
9
coefficient 0.1 
0.1
5
0.1
5
0.2
5
0.2
5
0.1 
0.1
7
0.1
7
0.3
3
0.3
3
0.1 0.1
0.1
2
0.1
2
0.1
2
0.0
5
0.2 
0.1
5
0.0
4
4. Case study 
This paper takes the highway network in Shanghai as the study case, uses Delphi method, invites 25 experts to 
make scores for the 19 indicators of the road network in Shanghai, to calculate the comprehensive evaluation index 
with the evaluation model mentioned in the previous part and the weight of each indicator, and analyze the 
development of low-carbon transport with the results of the indicators in different level. This is also the application 
of this model.  
Before inviting the experts for scoring, we need to determine the evaluation grade domain V. Dating back to the 
beginning of the establishment of AHP, one of its founders, Saaty (6) has proposed: people usually have five clear 
grades in mind when make the qualitative pairwise comparisons, the ratio was 1: 1, 3: 1, 5: 1, 7: 1, 9: 1, represent 
the same impact, slightly stronger impact, strong impact, significantly stronger impact, absolutely strong impact 
respectively. We often divide these minds into five grades, namely: excellent, good, general, poor, very poor, 
corresponding to the evaluation rating score of 0.9, 0.7, 0.5, 0.3, and 0.1. That is, V = {0.9, 0.7, 0.5, 0.3, 0.1} in this 
model. 
The experts for scoring need to be engaged in the transportation industry and have a certain understanding of 
low-carbon highway transportation field. Because the road network we study is in Shanghai, so the invited experts 
should have some understanding of Shanghai, the experts who have lived in Shanghai for some time is better. In this 
way, the study has not only the theoretical research of road network in Shanghai, but also have some intuitive touch. 
Scoring table is shown below:  
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Table 7. Scoring table 
comprehensive evaluation index excellent good general poor very poor notes 
Road network density 
Highway grade distribution reasonable degree 
Highway connectivity rate 
Complete degree of Highway guiding system 
Optimization degree of highway traffic signal system 
Greening degree of the surrounding of the road network 
The intensity of the promotion 
Subsidies with actual policy support 
Management level of related management department 
The existing legislation 
Occupancy rate of traffic in road network 
Traffic congestion situation 
The proportion of vehicles using clean energy 
Slow traffic share rate 
Public transportation share rate 
Average speed on the main road 
Energy consumption per unit transport turnover 
Fuel efficiency of the vehicles 
Overloading situation of the Freight transport 
Notes: “excellent” means the indicator is infinitely close to meet the requirements of highway ideal low-carbon development; Āvery poor” 
means the indicator is totally cannot meet the requirements of highway ideal low-carbon development; “general” means the indicator meet the 
requirements of highway low-carbon development basically; “good” means the indicator is better than “general” and inferior to “excellent”;
Similarly, “poor” means the indicator is better than “very poor” and inferior to “general”. The experts score for each indicator in this table 
directly and can make supplementary evaluation in the notes column. 
Calculate the comprehensive evaluation vector of the second class indicators with formula 5: 
For 1u :
1 1 1
0.32 0.56 0.12 0 0
0.56 0.36 0.08 0 0
0.12 0.36 0.4 0.12 0
(0.1,0.15,0.15,0.25,0.25,0.1)
0.04 0.4 0.52 0.04 0
0.16 0.48 0.28 0.08 0
0.08 0.16 0.72 0.04 0
(0.192,0.4,0.356,0.052,0)
B A R
§ ·
¨ ¸
¨ ¸
¨ ¸
 ¨ ¸
¨ ¸
¨ ¸
¨ ¸¨ ¸© ¹
 
 D D
For 2u :
2 2 2
0.04 0.36 0.36 0.24 0
0.04 0.2 0.52 0.24 0
(0.17,0.17,0.33,0.33)
0.16 0.6 0.16 0.08 0
0 0 0.16 0.44 0.4
(0.064,0.2932,0.2552,0.2532,0.132)
B A R
§ ·
¨ ¸
¨ ¸ 
¨ ¸
¨ ¸
© ¹
 
 D D
For 3u :
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3 3 3
0.2 0.44 0.36 0 0
0 0 0.36 0.44 0.2
0 0 0.08 0.28 0.64
0.12 0.24 0.6 0.04 0
(0.1,0.1,0.12,0.12,0.12,0.05,0.2,0.15,0.04) 0.36 0.44 0.2 0 0
0 0.52 0.48 0 0
0 0.28 0.64 0.08 0
0 0.24 0.52 0.24 0
0 0 0.24 0.4 0.36
B A R
§ ·
¨ ¸
¨ ¸
¨ ¸
¨ ¸
¨ ¸
¨ ¸ 
¨ ¸
¨ ¸
¨ ¸
¨ ¸
¨
¨
© ¹
 D D
(0.0776,0.2436,0.4172,0.1504,0.1112)
¸
¸
 
1 2 3, ,B B B  above are the evaluation vector of the second class indicators. 
The statistical findings are in table 8. 
Table 8. Statistical table of the Evaluation Results from the Experts 
uij excellent V1 good V2 general V3 poor V4 very poor V5 
u11 8 14 3 
u12 14 9 2 
u13 3 9 10 3 
u14 1 10 13 1 
u15 4 12 7 2 
u16 2 4 18 1 
u21 1 9 9 6 
u22 1 5 13 6 
u23 4 15 4 2 
u24 4 11 10 
u31 5 11 9 
u32 9 11 5 
u33 2 7 16 
u34 3 6 15 1 
u35 9 11 5 
u36 13 12 
u37 7 16 2 
u38 6 13 6 
u39 6 10 9 
Fuzzy relation matrix is given in table 9 according to the statistical result: 
We can get the comprehensive evaluation vector B which stands for the evaluation of low carbon road transport: 
1
2
3
0.192 0.4 0.356 0.052 0
0.064 0.2932 0.2552 0.2532 0.132
0.0776 0.2436 0.4172 0.1504 0.1112
B
R B
B
§ · § ·
¨ ¸ ¨ ¸  ¨ ¸ ¨ ¸
¨ ¸ ¨ ¸© ¹ © ¹
0.192 0.4 0.356 0.052 0
(0.33,0.17,0.5) 0.064 0.2932 0.2552 0.2532 0.132
0.0776 0.2436 0.4172 0.1504 0.1112
(0.1134,0.3036,0.3695,0.1354,0.0780)
B A R
§ ·
¨ ¸  ¨ ¸
¨ ¸© ¹
 
D D
667 Wendan Zhang et al. /  Procedia Engineering  137 ( 2016 )  659 – 668 
Quantize the evaluation vector into the evaluation index according to the evaluation grade domain V = {0.9, 0.7, 
0.5, 0.3, 0.1}. The results are shown below. 
S1=0.6464    S2=0.4818   S3=0.5052   S=0.5478 
Where: 
S stands for the comprehensive evaluation index; 
S1 stands for the evaluation index of road infrastructure; 
S2 stands for the evaluation index of road management and related policies and regulations; 
S3 stands for the evaluation index of road traffic. 
Table 9. Fuzzy Relation Matrix 
uij Coefficient of the indicators aij excellent V1 good V2 general V3 poor V4 very poor V5 
u11 0.1 0.32 0.56 0.12 0 0 
u12 0.15 0.56 0.36 0.08 0 0 
u13 0.15 0.12 0.36 0.4 0.12 0 
u14 0.25 0.04 0.4 0.52 0.04 0 
u15 0.25 0.16 0.48 0.28 0.08 0 
u16 0.1 0.08 0.16 0.72 0.04 0 
u21 0.17 0.04 0.36 0.36 0.24 0 
u22 0.17 0.04 0.2 0.52 0.24 0 
u23 0.33 0.16 0.6 0.16 0.08 0 
u24 0.33 0 0 0.16 0.44 0.4 
u31 0.1 0.2 0.44 0.36 0 0 
u32 0.1 0 0 0.36 0.44 0.2 
u33 0.12 0 0 0.08 0.28 0.64 
u34 0.12 0.12 0.24 0.6 0.04 0 
u35 0.12 0.36 0.44 0.2 0 0 
u36 0.05 0 0.52 0.48 0 0 
u37 0.2 0 0.28 0.64 0.08 0 
u38 0.15 0 0.24 0.52 0.24 0 
u39 0.04 0 0 0.24 0.4 0.36 
5. Result analysis 
Put the evaluation index calculated into the evaluation grade domain V = {0.9, 0.7, 0.5, 0.3, 0.1} for judgment, 
we can find that the comprehensive evaluation results of Shanghai’s low carbon road traffic is qualified. The number 
0.5478 is between "good" and "general", and is closer to "general." “General” means the indicator meet the 
requirements of highway low-carbon development basically, so the evaluation result 0.5478 is objective for the 
development of low-carbon transportation in Shanghai. As for Shanghai, there is still some room for improvement 
and there is still a long way to go for achieving "excellent". 
Figure 2 indicates that the evaluation index of road infrastructure is 0.6464 which is close to "good"; the 
evaluation index of road management and related policies and regulations is 0.4818 which is lower to "general" and 
the evaluation index of road traffic is 0.5052 which is a little more than "general". In general, the evaluation result of 
Shanghai’s low carbon road traffic is not so well.  
In conclusion, if Shanghai wants to obtain a greater development on the low carbon road transport in recent years, 
it needs to maintain the current level of road infrastructure, and should pay more attention on the road traffic. 
Excessive population mobility is one of the main contradictions in low carbon road transport development of 
Shanghai, how to resolve this conflict effectively is the emphasis in the future work. In addition, road management 
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and related policies and regulations need to be further strengthened. Laws and regulations are 'hurt forcedly' in the 
field of low-carbon transport in China. There may only have little effect on emission reduction depend upon 
government policy while without the hard intervention of laws and regulations. 
Fig. 2. The evaluation index of the second class indicators  
6. Discussion and conclusions 
Low-carbon highway transport is a very complex system, although this paper is committed to complete the 
construction of a comprehensive evaluation system, but it is hard to avoid the non-comprehensive of the selected 
indicators. In the evaluation process, the evaluation data is collected from the experts using the Delphi method. A 
consequence of this method is bringing the final evaluation results with a certain degree of subjectivity. It is cannot 
denied that in the study of evaluation, the subjectivity is essential factor sometimes. Even if the evaluation data is 
the real measurement data, there also have subjective intervention in the evaluation of the level of the data. In 
addition, choosing of the target value is also subjective sometimes. For example, the “excellent” in this evaluation 
system established in this paper means the indicator is infinitely close to meet the requirements of highway ideal 
low-carbon development. Such a definition is to set a target for reference, and the target and the reference still have 
subjective. In future studies, the best solution for this problem may be to take a combination of subjective and 
objective evaluation in order to reduce the subjectivity as far as possible. 
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